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I. ABOUT THE INVENTION 

Please write a summary of the invention following the numbered guidelines listed below Since this information 
wfflbe uSi to *Zn£» patentability, commercial uses, and potential licensees of the . nvent.cn, Pleaseprov.de 
as ! imdM Tas possible. If you have a written manuscript descriptive of your invention, please also attach a 
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1 . What exactly does your invention do? 



My .nvent.cn is that neurotens.n pept.de m.met.cs mod.f.ed to enter the CNS (PD149163) do the following: 

Reverses sensorimotor gating deficits (as measured by prepulse inhibition of startle reflex) in Brattleboro 
SSrSiJle gene deficit wh.ch I d.scovered to has .nnate abnormalrt.es .n prepulse 
S^rnSr to humans with neuropsychiatry d.sorders (. e schKophrenia, hunt.ngtons d.sease, b, P o.ar 
disorder) This effect is likely predictive of therapeutic effects in neuropysh»atnc d.sorders. 

Also improves sensorimotor gating in normal rats. 

Also reverses deficits in sensorimotor gating deficits produced by drugs that are serotonin-2 agonists and 
alphi * ^g?niste (previous pharmacological effects not attributed to neurotensin or neurotens.n drugs). 



What is unique, novel, or belter about your Invention as compared to existing art*? 



PD149163 is appears to be more potent and longer lasting than ofrier ^^^f^^^f^ 
tests It performed better than current "gold standard" antispychotic drugs and evidence of eff eote lasted 
Several dayJSer a s.ngle admm.strat.on wh.ch .s not seen wrth currently ex.st.ng ps y chotrop.c drugs. 

nX^cSa^o Editions and normal sensorimotor gating without ^j^^SS^SS^ 
GABA, glutamate or acetylcholine receptors (the therapeutic mechan.sm attributed to all current psychotrop.c 

medication). .. . . , ,„ 

-anoears to have a favorable side effect profile base upon preclinical tests ^..^^^ 
-Appears to htvttonger duration of effects from single administration of other psychotrop.c drugs tested 

-Comoared to existing art regarding this category of compound (neurotensin agonist), ft appears i to .have 
^^^SSSSr^ a 9 nd effects that I discovered (..e. a " ta 9^ 1 " 
adrenergicfuncttons and facil.tat.on of sensonmotor gafing .n an.mals with genetically .nduced deficient 
sensorimotor gating and in normal animals ) Furthermore neurotensin analogs 



3. What is the existing .art to which you are .comparing? 



1. Antipsychotic, drugs 

3! SrotS^mimSS (e g what is currently known about this same compound, and family and other 
neur that enter the CNS e.g NT69L) 



4. Describe how your invention works (or may work). Please include drawings, schematics, figures, etc., 
necessary to explain how the invention works or may work 



Mechanism is not fully elucidated. 

However in preclinical predictive test of potential psychotropic (especially antipscyhotic) usefulness a 
Sr«SouS of this family (PD149163) was able to reverse startle abnormalities (sensorimotor 
2* rSpStSjrtSShort) in genetically mutant rats more effectively than some of the te*™^* 
antipsychotics. It was also able to improve startle parameters in normal rats Therefore A appears to modulate 
sensonmotor gating circuits 

In other preclinical tests done in my laboratory aimed at elucidating mechanism it appe ared to ^veree CNS 
effects of a serotonin 5HT2A and alpha-1 adrenergic agonists, suggesting inhiition of 
mediated by these receptors. (Previously inhibition of dopamine receptor mediated neurotransmission was 
the only therapeutic mechanism associated with this family of compounds) 



5.' Describe the stage of development of the invention (e.g., concept stage experimental data stage , oomp. irter 
model simulation stage, working prototype stage, etc). Please include data, photographs, etc.. indicating the 
stages of development 



Preclinical Stage. 

Test in my laboratory using animal tests predictive of psychotropic efficacy. Some of these predictive tests 
have been established in the field, others I have innovated. 



6. What are potential commercial applications of your invention? 



Drugs that target neurotensin receptors that may have therapeutic effects for neuropsychiatric diso rders: 

Including, schizophrenia, schizoaffective disorder, bipolar disorder, depression. anx.ety d.sorders. autism. 

Huntingtons disease, obsessive-compulsive disorders. 

May also have prophylactic efficacy for people at high risk for these conditions. 

Mav also act as an extended duration therapy for neuropsychiatry disorders 

S !S< moSrepid^han current drugs which all have a delayed effect (faster effect in preclinical stud.es) 

May augment the effects of current psychotropic drugs when used in combination 

May also improve cognitive performance in people who do not have neuropsychiatry disorders 
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Pased on your knowledge, please provide the names and addresses of companies that are. or may be. interested in manufacturing, using. anoVbr 
further developing your mvenhon. 
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Roche, Janssen, Eli UHy. Pfizer, Bristol 
Myers Squibb, AstraZeneca, Pharmacy 
and Upjohn. Parke-Davis 




Neurocrine, Solvay, Abbot Laboratories 









1 . Please list or attach any literature references that most closely describe the state of the related art [before 
your invention. If possible, please consider doing a search of the literature, because It will help m the 
evaluation of your invention. 



U.S. Patent # 5,393, 740 "Neurotensin Hexapeptides" (02-28-95) igqcn 
U S Patent* 5,407. 916 "Neurotensin Mimetics as Central Nervous System Agents (<^^*??> 
• Kinkead B. et al "Neurotensin- an endogenous Antipsychotic? Curr Opin Pharmacol. 2002 Feb. 2(1 } 99- 

103 

Feifel et al. 1 999 "Novel Antipsychotic-Like Eftects On Prepulse inhibition of Startle Produced By 

A Neurotensin Agonist. (Appended) 

Feifel et al., (In Press) A systemically administered neurotensin agonist blocks disruption of prepulse 
inhibition produced by a serotonin-2A agonist. (Appended). wirwNTF that NON- 

Fcifel et al 2002 (Abstract of poster to be presented at ACNP meeting. December 9, 2002) *VIDE^THA3 ™ 
DOPAMmn W^ANTSMS CoWlD-IPTE TO THE ANTTPSYCTTOTTC-LIKE EFFECTS OF NEUROTENSIN 
AGON1S1S (Appended) 



% If a company is interested ,n licensing your mvention, would you be interested m , assisting or working with the 
company to develop your invention into a product under a sponsored or research agreement with the 
University? Y/N 

I'would also seriously consider establishing a company to acquire license and further develop invention. 



Events relevant to Invention: 

Preclinical work suggest that neurotensin, an endogenous neuropeptide that ^^jSSTSllS " * 
antipsychotic based upon the fact that it Inhibits effects of dopamine in brain. - Series of studies, multiple 
investigators beginning in 1980s 

Parke Davis reports new family of compounds that are active fragment of neurotensin NT(8-13)j f£"^ mMffied 
to Increase stability and cross into the CNS after systemic injection (Wustrow et al, 1995) Patent ^fited 1 1995 
("Neurotensin Wlimet.cs as central Nervous System Agents), suggesting these compounds may be effective for 
schizophrenia or analgesia 



I collaborate with Parke-Davis investigators who supply me with an amount of one of ^X^ e^iv^S Sects 
(PD149163) to test it in startle-based animal screen for antipsychotic mechanisms Results^ show ^vocai ene 
dopamine(previously implicated basis for anUpsychosis) but indirect ( evidence for ° f 

2r »ti«^'ch05!S 'reveres! of the effects of sl^rrtete ertegerie!). Res^t* pub!:£r.e- v . » * 



c 



I begin further studies on PD149163 based upon interesting results of 1999 paper. Parke Davis stopped producing 
compund. Therefore ! have since obtained compound free of charge from SRI international which is commissioned b; 
NIH (chemical synthesis program) to synthesis this for research purposes. 

Recent studies in my lab show PD149163 reverses disruption of prepuise inhibition ( a measure of sensonmotor 
gating) produced by a serotonin-2A receptor agonist (DOI). This suggest PD149163 (and presumably others 
neurotensin mimetics in this family) can antagonize the brain pathways mediated by serotonin-2A receptors. This is 
an important pharmacological mechanism shared by many new generation psychotropics that are useful to treat 
psychosis, depession, mania, anyiety Those drugs do so by directly binding serotonin-2A receptors (Neurotensin 
mimetics do not) This study was performed January, 2001 This finding has been accepted for publication in the 
journal Neuropsychopharmacology and the MS form has been placed upon their website since November, 2002 (But 
not formally published in print as a final document). (See attached manuscript, Feifel, Mendez and Shilling). 



Recent studies in my lab with another NT69L, another NT(8-13) mimetic stabilized to enter the CNS by another 
chemical means (obtained by a colleague who synthesized it a Mayo in Jacksonville, Florida) did not show the ability 
to reverse effects of DOI (unpublished finding) Therefore, this pharmacological property may be unique to PD14916 
or chemically related neurotensin mimetics (stabilized by an amide bond) 



Recently a study in my lab showed that PD149163 reverses disruption of prepuise inhibition ( a measure of 
sensorimotor gating) produced by an alpha-1 adrenergic receptor agonist (cirazoline). This suggest PD149163 (am 
presumably others neurotensin mimetics in this family) can antagonize the brain pathways mediated by alpha-1 
adrenergic receptors. This is an important pharmacological mechanism of of many new generation antipsychotics ar 
. thought to contribute to their antipscyhotic effects (although less established than serotonin-2A inhibition). Study dor 
in October, 2002 (unpublished)! 



I recently discovered that well known a genetically mutated rat (Brattleboro Rat) has a deficits in sensorimotor gatmc 
(measured as prepuise inhibition of strartle response) similar to patients with some neurospychiatnc disorders. 
Reversal of this abnormality is likely a marker for psychotropic drugs (especially antipscyhotics) 

Acute administration of PD149163 reverses this abnormality in Brattleboro rats but standard antipscyhotic drugs did 
not. Furthermore, PD149163 did increased baseline sensorimotor gating in normal rats. Critical study conducted 
August, 2002 (unpublished but this data will be presented at the American College of Neuropharmacology 
meeting on December 9, 2003 as a poster) 

All these things suggest that Neurotensin agonists (or at least PD149163 and chemically related drugs) and 
psychotropic uses and mechanisms not previously taught by the existing art 



Please send completed forms and supporting materials to. 
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ABSTRACT 

Prepulse inhibition (PPI) of the startle reflex can be disrupted by drugs that act as 
agonists at the serotonin (5HT) 2A receptor, such as DOI, and this effect is blocked by 
drugs that inhibit 5-HT2A transmission. We tested the effects of systemic administration 
of PD149163, a neurotensin agonist, on DOI-induced disruption of PPI in Sprague- 
Dawley rats. PD149163 completely and dose-dependently blocked the PPI deficits 
produced by DOI. These findings suggest that, in addition to their established ability to 
inhibit dopamine transmission, neurotensin agonists may also inhibit 5-HT2A 
transmission, a pharmacological feature associated with atypical antipsychotic 
drugs. 



INTRODUCTION 

Prepulse inhibition of the acoustic startle reflex (PPI) is the reduction in the startle 
response when the startle-eliciting stimulus is immediately preceded by a weak stimulus. 
PPI, an operational measure of sensorimotor gating, is deficient in schizophrenia patients 

(Geyer et al., 2001). 

Deficits in PPI can be produced in rats by a number of pharmacologically 
distinct "psychotomimetic" compounds (Geyer, Krebs-Thomson et al., 2001 for 
review), typical and atypical antipscyhotics reverse PPI deficits produced by 

2 
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dopamine agonists such as amphetamine and apomorphine. The mechanism 
implicated has been blockade of dopamine-2 (D2) receptors. In contrast, PPI 
disruption produced by non-competitive NMDA antagonists such as phencyclidine 
(PCP) or dizocilpine is antagonized by atypical but not typical antipsychotics and 
blockade of serotonin (5-HT) 2 A and/or alpha-1 noradrenergic, but not D2 
receptors, has been implicated in this effect. Disruption by the selective 5-HT2A 
agonist and hallucinogen, l-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane 
hydrochloride (DOT) is also preferentially blocked by atypical antipsychotics and 
the mechanism implicated is blockade of 5-HT2A receptors since a 5-HT2A 
antagonist but neither a 5-HT2C antagonist nor haloperidol effectively block DOI's 
effect on PPI (Geyer, Krebs-Thomson et al., 2001). 

The neuropeptide neurotensin appears to inhibit dopamine function and produce 
preclinical effects similar to antipsychotics (Kinkead and Nemeroff, 2002) suggesting 
that neurotensin agonists may have potential as antipsychotic drugs. Supporting this 
notion, we have reported that PD149163, a modified neurotensin (8-13) analog 
(Lys(CH2NH)l.ys-Pro-Trp-tLe-Leu-OEt ) (Wustrow et at, 1995) that crosses the 
blood brain barrier, antagonizes amphetamine-induced disruption of PPI after systemic 
administration (Feifel, Reza et aL 1999). In addition, we found that PD149163 
antagonizes PPI deficits produced by the non-competitive NMDA antagonist dizocilpine 
(Feifel, Reza et al. 1999), suggesting that this compound modulates 5-HT2A and/or 
alpha-1 adrenergic transmission (Geyer, Krebs-Thomson et al., 2001). There is 
evidence that neurotensin regulates 5-HT brain systems (Heaulme, Leyris, et al., 1998) 
therefore, we hypothesized that PD149163 may produce antagonism of dizocilpine- 

i 
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induced disruption of PPI by blockade of 5-HT2A transmission. In order to test this 
hypothesis we investigated whether PD149163 could antagonize PPI disruption produced 
by DOI, a selective 5-HT2A agonist. 

METHODS 

All experimental procedures were conducted in accordance with the University of 
California, San Diego guidelines for animal care and experimentation. Thirty-four male 
Sprague Dawley rats (250-300 grams at testing, Harlan Laboratories, San Diego) were 
housed under a 12h:12h lightrdark schedule. On test days they were administered 
subcutaneous (SC) injections of 0 (saline), 0.01, 0.1, or 1 mg/kg of PD149163 (SRI 
International, Menlo Park, CA ). Thirty minutes later they were injected SC with 
either saline or 0.5 mg/kg DOI (Sigma Chemicals, St. Louis, Mo). Animals were tested in 
startle chambers (San Diego Instruments, San Diego, CA) 20 minutes later. After one 
week, animals were tested a second time during which treatment and testing procedures 
were the same except that rats that received DOI on the first test day received saline on 
the second test day and vice versa. All testing occurred during the light phase of the 
rats' circadian illumination schedule. 

Once placed in startle chambers each rats had a 5-minute acclimation period. A 
65-dB background noise was continuously present throughout the session. The 
acclimation was followed by a 1 5-minute PPI test session during which rats were 
presented with 40-msec 120 dB startle pulses without a prepulse, or pulses preceded 100- 
msec by a prepulse of either 4, 8 or 12 dB above background. These four types of active 
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stimuli were presented in pseudorandom order along with no-sound trials with an average 
of 15 seconds separating them. 

A startle response was recorded for all stimuli presentations. PPI for each animal 
was calculated as a percentage of the pulse-alone startle magnitude using the following 
formula: [1- (startle magnitude after prepulse-pulse pair/startle magnitude after pulse 
only] X 1 00. PPI data was analyzed using a repeated measures ANOVA with PD149163 
dose as a between-subject factor and DOI treatment and prepulse intensity as within- 
subject factors. Significant effects were followed by post-hoc pair-wise comparisons of 
individual treatment groups using Bonferroni corrected t-tests. 

RESULTS 

There was no main effect of PD149163 but there was a significant main effect of 
DOI as it significantly disrupted PPI (F[l,30] = 56.1, p < 0.001). There was a significant 
main effect of prepulse intensity on percent PPI, reflected in more intense prepulses 
producing greater PPI (F[2,60] = 80.3, p < 0.0001). However, there was not a significant 
prepulse x DOI interaction, or prepulse x PD149163 interaction or prepulse x DOI x 
PD149163 interaction. Therefore, the PPI data presented in the figure (main graph) 
is the mean of the PPI values produced by each of the individual prepulse 
intensities. There was a significant DOI x PD149163 interaction (F[3,30] - 7.3, p = 
.001) and the data revealed that the highest dose of PD1491 63 reversed the DOI-induced 
disruption of PPL Compared to rats that did not receive DOI (saline), DOI treated 
rats had significantly decreased PPI in the group that did not receive PD149163 
(saline) (P < 0.01) and in the groups that received 0.01 mg/kg 
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( P < 0-001) and 0.1 mg/kg ( P < 0.05), but not 1 mg/kg PD149163. PPI exhibited by 
rats receiving DOI and 1 mg/kg PD149163 were significantly greater than PPI 
exhibited by rats receiving DOI and saline (P < 0.01). 

There were no significant main or interaction effects of DOI or PD149163 on 
startle magnitude (Figure Insert). 

DISCUSSION 

To date, all drugs that have demonstrated a robust ability to antagonize 
DOI-induced disruption of PPI have been compounds with potent 5-HT2A 
antagonism, including the atypical antipsychotic, risperidone and the selective 5- 
HT2A antagonists, MDL100907 and ketanserin. In contrast, drugs that are not 
strong 5-HT2A antagonists, including haloperidol, the selective D2 antagonist 
r raclopride, the 5-HT2C antagonist, SDZ SER-082, and the beta-adrenergic /5-HT1 
receptor antagonist, propanolol, have failed to exhibit robust antagonism of DOI's 
effects on PPI (Geyer, Krebs-Thomson et al, 2001). In this respect, PD149163*s 
ability to block DOI-induced disruption of PPI but not affect baseline PPI or startle 
magnitude supports our hypothesis that PD149163 may antagonize 5-HT2A 
transmission. 

The modulation of 5-HT systems by neurotensin has not been extensively 
studied, however neurotensin has been shown to stimulate the release of 5-HT in the 
brain (Heaulme, Leyris, et al., 1998). Neither neurotensin nor PD149163 is known 
to have a strong affinity for 5-HT2A receptors. These compounds could alter 5- 
HT2A transmission via activation of neurotensin receptors that, in turn, modulate 
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5-HT2A transmission at the receptor level or further downstream* Evidence 
• suggests that DOI-induced disruption of PPI is mediated by 5-HT2A receptors in 
the ventral pallidum (Sipes and Geyer, 1997), a site where neurotensin receptors 
have been localized (Alexander and Leeman, 1997). The current evidence that 
PD149163 modulates 5-HT2A transmission is notable since previous interest in 
neurotensin agonists as potential antipsychotics was based exclusively on evidence that 
they inhibited dopamine transmission. Inhibition of both 5-HT2A and D2 transmission is 
considered the pharmacological profile that distinguishes atypical antipsychotics from the 
more D2 selective typical antipsychotics (Meltzer, 1999). 
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Figure Caption: 

The effect of PD149163 on PPI (main) and startle magnitude (insert) in rats receiving 
saline or DOL PPI data represents average of PPI produced by three different 
prepulse intensities. * represents significantly lower (P<0.05) than corresponding non- 
DOI treatment. + represent significantly greater (PO.01) than rats receiving 0 mg/kg 
dose of PD149163 and the same DOI treatment. 
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I, ABOUT THE INVENTION 

Pleas© write a summary of the invention following the numbered guidelines listed below. Since this information 
will be used to determine patentability, commercial uses, and potential licensees of the invention, please provide 
as many details as possible. If you have a written manuscript descriptive of your Invention, please also attach a 
copy to this form. 

» 

1. What exactly does your invention do? 



Represents a model which provides preclinical predictive information of whether a treatment is likely to be 
useful as psychotropic drug, particularly an antipsychotic. 



2. What is unique, novel, or better about your invention as compared to existing art? 



Can distinguish between typical (first generation) and 'atypical* (newer generation) antipsychotic drugs. 

Does not require manipulation (e.g. drug, surgical or environmental) of animals before examining test 
compound, as do existing in-vivo models. 

Has stronger cross-species homology to humans. 

Can provide comparative information about for a test compound regarding potency, speed of onset and 
duration of therapeutic-like effects. 



3. What is the existing art to which you are comparing? 



1. Existing in-vivo predictive models of antipsychotic effects (e.g. reversal of effects of social isolation, 
psychomimetic drugs, CNS lesions) 

2. Existing ex-vivo predictive models of antipsychotic effects (e.g. affinity assays, electrophysiology, 
gene expression) 



4. Describe hew your invention works (or may work). Please include drawings, schematics, figures, etc., 
necessary to explain how the invention works or may work. 



Brown Norway (BB) rats are administered a putative psychotropic treatment {e.g. several doses of a test 
drug) and then subsequently tested in startle chambers. Prepulse inhibition (PPI) of their startle reflex is 
measured. Normally BN rats have PPI levels that are low compared to other rat strains such as the Kyoto 
VWstar (the genetically closest animal). Treatments that fully or partially increase levels of PPI in BB rats to 
the levels of normal rats (e.g. Wistar Kyoto) have strong clinical potential as psychotropic drugs (e.g. 
antipsychotic potential). 



Describe the stage of development of the invention (e.g., concept stage, experimental data stage, computer 
model simulation stage, working prototype stage, etc.). Please include data, photographs, etc., indicating the 
stages of development 



Conceptual with part experimental validation 



6. What are potential commercial applications of your invention? 



Screening new therapies for neuropsychiatric disorders. 



CLAIMS 

What is claimed is: 

1 . A model for providing preclinical predictive information concerning effectiveness 
of a treatment for neuropsychiatric disorders, comprising: 

administering to a rat a particular therapy such as a pharmaceutical preparation 
containing a putative psychotropic drug or manipulation; and 

measuring prepulse inhibition in a startle reflex response chamber 
wherein an increased prepulse inhibition level indicates a strong clinical potential as a 
psychotropic drug. ■ 

2. The model according to claim 1 , wherein the rat is a Norway rat 

3. A method for screening new therapies for neuropsychiatric disorders, comprising: 
administering to a rat a particular therapy such as a pharmaceutical preparation 

containing a putative psychotropic drug or manipulation; and 

measuring prepulse inhibition in a startle reflex response chamber 
wherein an increased prepulse inhibition level indicates a potentially effective clinical 
treatment 

4. The method according to claim 3, wherein the rat is a Norway rat. 

5. The method according to claim 3, wherein the neuropsychiatric disorder is 
schizophrenia. 

6. The method according to claim 3, wherein the neuropsychiatric disorder is 
Huntington's Disease. 

7. The method according to claim 3, wherein the neuropsychiatric disorder is bipolar 
disorder. 
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